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An ultrasonic fatigue testing machine was developed to obtain the very high cycle fatigue life at elevated temperature for 
safety and reliability of structural components in the faster breeder reactor (FBR).  This testing machine consists of an 
amplifier, booster, horn and equipments such as a system controller and data acquisition.  The test specimen is attached at 
the end of the horn.  The electric power generated in the amplifier is transformed into the mechanical vibration in the 
converter and is magnified in the booster and horn.  The developed ultrasonic fatigue testing machine enables to carry out 
the fatigue test at 20kHz so that it can perform the very high cycle fatigue test within a very shorter time as compared with the 
regular fatigue testing machines such as a hydraulic fatigue testing machine.  This study carried out very high cycle fatigue 
tests using type STBA 24, the steel for tube in boiler and heat exchanger, at room and elevated (673K) temperatures by the 
developed testing and conventional hydraulic testing machines, and obtained the fatigue lives.  This paper also described the 
cracks observed on specimen surface of fatigued specimen and discussed the very high cycle fatigue strength properties.  It 
was confirmed that the fatigue data obtained by the ultrasonic fatigue testing machine are continuous and compatible with the 
results obtained by the hydraulic tension-compression testing machine.  Fatigue lives more than 106 cycles at room and high 
temperatures can be predicted conservatively by the best fit design curve employed in the nuclear power plant design. 
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1 緒 言 
金属材料の疲労特性は，多くの鉄鋼材料についてＮ＝
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Table I  Specification of the testing machine. 
Items Specifications 
Test frequency : f  (kHz) 20 ± 0.5 
Amplitude of displacement at 
the end of horn : a  (µm) 0 – 100 
Maximum stress amplitude  
in specimen : σa  (MPa) 0 – 250 
Test temperature  T  (K) Room – 873 
Shape of specimen Solid bar Hollow cylinder 
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Fig.7. Shape and dimensions of the specimens (mm). 
Fig.4. Pattern of intermittent loading.








(a) Room temp.              (b) High temp.
Fig.5. Cooling method of specimen and horn in 










Fig.6. Cooling effect as a function of block time.
















   
K  Intermittent loading
Room temperature
 Intermittent loading + air cooling
σa = 170 MPa
Duty time t d = 1 s









































ε∆σε∆ +=           (2) 
ここで，∆εpmaxは 2σaの試験における最大塑性ひずみ範
囲で，油圧試験での結果から次式で近似した． 
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Table II  Chemical composition. 
mass % 





E  (GPa) 
Tensile 
strength 
σB  (MPa) 
Elongation 
δ  (%) 
Room 206 480 30 
673K 180 485 23 
 
C Si Mn P S Cr Mo 
0.11 0.27 0.41 0.09 0.05 2.20 0.94
 Table IV  Test conditions. 
 
 Ultrasonic Hydraulic 
Test frequency 
 f  (Hz) 20,000 20 
Stress amplitude 
σa  (MPa) 170−230 190−260 
Test temperature 
T  (K) Room,  673 
Heating method Electric furnace High frequency induction heater
Table V  Summary of test results. 












178 0.086 0.173 2.5×109*
187 0.091 0.184 1.2×109*
202 0.098 0.202 8.3×106 
Ultrasonic
227 0.110 0.241 3.0×106 
190 0.092 0.187 2.6×108*
200 0.097 0.199 2.7×107 
210 0.100 0.209 3.0×107*
220 0.106 0.227 3.9×106 
235 0.114 0.260 3.4×105 
Room 
Hydraulic
250 0.121 0.306 2.5×105 
170 0.094 0.189 2.0×109*
187 0.103 0.208 5.6×107 
202 0.112 0.230 5.6×106 
Ultrasonic
230 0.127 0.279 5.1×105 
210 0.116 0.241 2.1×107 
240 0.133 0.306 3.0×106 
673K
Hydraulic
260 0.144 0.389 1.1×105 
 ここで，各定数の値および定義は以下のとおりである． 
A0 = 1.110100 − 0.2439730×10−7 × T 2 × R 
A1 = 0.5709357 
A2 = 0.1874343 
A3 = −0.144543×10−1 + 0.7045986×10−5 × T  
− 0.6562716×10−4 × R 
R  = log10 ε&  
T : Temperature, (℃) 
































































































Fig.9. Relationship between total strain range (∆εt)
and number of cycles to failure (Nf ). 

























Fig.8. Relationship between stress amplitude (σa)
 and number of cycles to failure (Nf ). 
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Fig.12. Surface crack on specimen after 
fatigue test at 673K. 
Fig.10. Surface crack on specimen after 
      fatigue test at room temperature. 
σa = 227 MPa , Nf =3.6×106 
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 Fig.11. Comparison of specimen surface between
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